The ESWL (Extracorporeal Shock Wave Lithotripsy) has come into wide use rapidly owing to its advantage of noninvasiveness. However, as for the shock wave propagation in the human body in relation to practical lithotripsy, reports of numerical simulation based on models conforming to a practical situation are very few.In this paper, excited pulse wave forms are measured by using a water tank model based on a practical lithotriptor and numerical simulation is made on the basis of these measured data. New FDTD algorithm is proposed and used for this simulation. In this method, the plane wave approximation previously used is not used but original equations taking account of Lagrangian are directly employed to derive new FDTD algorithms. The basic equations of sonic wave propagation in dispersive fluid are modified to apply FDTD algorithms as follows:
where P is sound pressure, V is particle velocity, ρ0 is density, C0 is sound velocity, ε is sound parameter of nonlinearity, and where Fig. 1 shows the calculation model corresponding to the water tank used in the experiment. Since piezo-electric vibrator "S" has a curved surface, it is difficult to include this "S" in the calculation domain. Therefore, we first calculate the sound pressure on the plane "MN" by using integral expression. The results are used as the excitation function for FDTD calculation. Fig. 2 shows time change of sound pressure at the focus position, which compares the calculated result obtained by the present method with that of experiment. The maximum amplitude of the leading pulse in the present calculation is close to that of experiment. Moreover, the shape of leading pluse, periodicity and sharp leading edge rising is very close to the measured one.
In conclusion, it is shown that the present method gives better results than those of the earlier methods, in the viewpoint of numerical reproduction of strongly nonlinear wave forms. It is noteworthy that computational time required in this method is shorter than that in the previous method, in spite of the complicated terms being included additionally. 
FDTD Simulation of Nonlinear Ultrasonic Pulse Propagation in ESWL Using Equations Including Lagrangian
Keisuke Fukuhara * , Non-member, Nagayoshi Morita * , Member New FDTD algorithm is proposed for analyzing ultrasonic pulse propagation in the human body, the problem being connected with ESWL (Extracorporeal Shock Wave Lithotripsy). In this method, we do not use plane wave approximation but employ directly the original equations taking account of Lagrangian to derive new FDTD algorithms. This method is applied to an experimental setup and its numerical model that resemble actual treatment situation to compare sound pressure distributions obtained numerically with those obtained experimentally. It is shown that the present method gives clearly better results than the earlier method, in the viewpoint of numerical reappearance of strongly nonlinear waveform. 
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